





Scanned by CamScanner 


Domne 3 ts a  — 





: oe a 
*hs 
4 


aI 6 
Ke 

wi hae 
in Ky 


. 

a8 a 
pee 
- 


< 
- 


J ‘eg 


SBR Effective Structure 


i * 
Be any oP 


“2-43 


4 
7s 
. 
> 
, 
j 


ae 
WM tes “s : 
a: 
cop 
oe Se 
* 


. 
4 
« 


MIM AY, oe ee 


emote block will always take some bending load as p 


ete siete 
pa ae tot} 
ao faar ti 5 


ap m4 
oA ay 
oh eb eh 







. 


me ee oa the Sides of the superstructure plane sections will no 
Steg ing are not strictly valid. This is especially true towar 


Sb: Part of re) aD ; : 
a Rae girder. This phenomenon is discussed in more depth 1 


ee ‘Tts” : 5 : eid «Se 
"MS longitudinal extent and on how well it is integrate 


CHAPTER ? 


Sete 
een. 


Basic Concepts 





oa 
seni: 
ee 


The Ship as a Simple Beam 


1 The first user of the beam as a structural analogy for the Ship on a wave is lost in antiquit 

but it is Attwood and Pengelly (1922) who first illustrate it as a beam with Several flan ee i 
Figure 2.1] which shows a beam idealisation for vertica] plane bending about the figuitral ae This 
arrangement separates the transverse and longitudinal structure and has been found to be very 
effective for estimating first order bending response about both short axes, but different simple 
beam idealisations are required for different load directions. Shear response is strongly influenced 
by the position of members in the plane of the applied shear load and by the continuity of box 
sections, and it is therefore usual to ignore shear effects (but not shear loads) in the initial 
assumptions. In addition it will always be necessary to take great care in judging what structure is 


effective in the bending direction in question. 





Figure 2.1 The Hull as a Flanged Beam 
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3 Similarly, internal structure such as decks, longitudinal bulkheads and deep longitudinal 
stiffeners such as machinery bearers, are only effective as part of the hull girder at a distance from 
their ends. Generally if they extend for less than 10% of the ship's length they are not worth 
considering in hull longitudinal bending calculations. More details on effectiveness of hull 
structure are given in Chapters 6, 7 and 12. 


Torsion i 

4 Although it is possible to estimate simple torsional effects using the beam analogy, the 
extent of warping (longitudinal out-of-plane deflections), particular in ships with large deck 
openings, makes accuracy doubtful. Hull torsional loads are discussed in Chapter 3 and design to 
resist torsion in Chapter 7. Note that as torsional strength relies in particular on a closed-cell type 


of structure, continuity and structural effectiveness merit special consideration if torsion is an 
important aspect of design. 


Structural Loading 


Longitudinal Loads 


5 Ships are subject to longitudinal bending moments and shear forces in both the vertical 
and horizontal planes, as well as being subject to torsional moments about their longitudinal axis. 
‘In most conventional ships it is found that only the bending moments and shear forces in the 
vertical plane are of significance in design, although torsion may be of importance in ships with 
open hulls such as landing craft or container ships, or ships that may have unconventional 


operating constraints such as towed array vessels. Bending in other planes will frequently be 
important in ships of novel arrangement such as with twin hulls. 


6 The first source of loading is the lack of correspondence between weight and buoyancy in 
still water. Whilst clearly weight and centre of gravity must be the same as buoyancy and centre of 
buoyancy for the whole ship, they will rarely be the same at any individual section, and in 
consequence there will be a resultant shear force and bending moment distribution set up. These 
loads are essentially static and will only change when the payload is changed, but the designer 


will often have to identify and investigate the worst cases which may not be the same for shear 
and bending. | 
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| © two groups of cyclic loads. The first of these is due to direct wave action when the 
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__ Cyclic loads due to waves or other effects can cause fatigue damage to the structure over a 
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d f time. It is therefore always necessary to define the expected life of a structure which is to 
| ‘ted to cyclic loading, and this applies especially to the hull of a ship. For convenience the 
ek ship is often defined by a number of wave encounters, based on the life of the ship in 
he expected proportion of time spent at sea and the mean period of a wave (usually 
/ and 8 seconds). For example, a ship with a 25 year design life, 30% of which is likely to 

‘ith a mean wave encounter period of 8 seconds, will suffer approximately 3 x 107 wave 
'S. This number of wave encounters has been used in the recent past for the design of RN 


lowever, current developments are such that both the lifetime in years and proportion 


p Sh 


iat Sea are increasing, and the number of wave encounters which it is desirable to use 
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hy 


enmay be significantly greater 


Ss ime ¢ efinition in wave encounters may also be used statistically in the definition of 
, . of example, by mathematical modelling or by extrapolating from strain measure- 


a, ne load with a given probability of exceedance in the specified number of wave 
in be estimated. This aspect is discussed in detail in Chapter 7. 
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racking. Similarly, it is vitally ; 
cally : y important that all 
bearing very high loads, such as the ends of superstructures or masts, are well integrated 


primary structure of the ship so that the loads are taken by stiff structure in plane. Lack of 

tural continuity 1s one of the principal reasons for severe structural failures aad discon- 

‘tinuitie such as blocks of superstructure frequently become part of the design A; a very early 

‘§ ag before the designer has begun to think Seriously about the structure. Later in the design 

pr cess it can be extremely difficult to change the layout to provide adequate continuity, so it is 
ssential for the structural designer to ensure good continuity from the beginning. 





Effective Breadth and Width 
yeh 2 sae The question of effectiveness of structure has already been mentioned in paragraph 2. Ata 
} see on dai y level the concepts of effective breadth and width need to be understood. Consider, for 
in ance, part of a stiffened panel shown in Figure 2.4(a). As the stiffeners deflect under the 
loading shown, the load is transferred into the plate by shear action with the result that plate 
deflects out of plane progressively less than the stiffener and the ‘plane sections remain plane’ 

aption of simple bending theory is strictly invalid. The effect is called shear lag and leads to 
an in-plane stress distribution illustrated in Figure 2.4(b). Not all the plate therefore bends with 
the stiffener and an effective breadth with a constant stress level is defined as in Figure 2.4(c) 
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TABLE 2.1 
Structural Failure Modes 
Loads ~ Tensile Shear Compressive Cyclic 
Failure + 
pari irml ae ala kl ah a In-Plane Loading - - - - - - - - - - = ne 
Yielding 
Out 8 Plane Out of Plane Po 
Bending Bending 1 
t-+------ In-Plane Loading - - -— 
Elastic/Plastic 
Buckling ee? Lateral Loads noe 
(Suffener Tripping) 


—————r 











Loads mainly in 
Tensile Range 


Fatigue ees Diag Cy Ns ed (Residual Stress, 


Corrosion Fatigue) 
Brittle Fracture prc use 


(Stress Corrosion) 
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i =<-<--- Impact, Explosion - - - - > 





Fatigue 

24 DSi the majority of the loads imposed on ships are cyclic as mentioned in paragraph 
10, the possibility of fatigue failures must never be forgotten, Indeed, most structural failures that 
occur in service are the result of fatigue damage. Generally, however, fatigue effects do not 
dominate the main design process as they are governed by design of detail which is not usually 
considered until the final construction drawings are being produced. It is, therefore, of paramount 
importance that good detail specifications are written which make it quite cleat how stress 
concentrations are to be avoided or at least minimised, and that these specifications are made 
mandatory contractual requirements. Design against fatigue 1s discussed in detail in Chapter 13. 


Brittle Fracture . aoe 
25 _—sC@Brrittle fracture has caused many failures, both of merchant ships and warships, The 


susceptibility of a structure to brittle fracture is crucially dependent on the material from which it 


is constructed, but the risk is also increased by the presence of stress concentrations, notches and 
; 


notch like defects, exposure to low temperatures, impact of high rates of loading and the use of 


~ thick material. Constructional techniques, particularly welding procedures, also have their part to 
play. All these factors are discussed in detail by Boyd (1970). Because It 1s impossible to avoid 
some stress concentrations, and because warships must withstand explosive attack and at the 
| same time operate anywhere in the world where there is a political needs, and over a period of 
time during which operational and political requirements may change significantly, itis essential 
to select hull materials which are resistant to brittle failure, even under Arctic conditions, It ssid 
be noted at the outset that mild steel, such as BS4360 Grade 43A or a Classification peter 
< Grads-A, does dot have any toughness requirement specified, and therefore, while it may " 
- aeeeptable for merchant vessels operating under prescribed benign conditions, 1 will not 
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will almost always lead to some loss of buckling strength and must be taken into account when 
estimating critical buckling stresses. Finally, remember that stiffener tripping and some other 
modes of local buckling can be caused by lateral loads as well as by in-plane loads. 


Elasto-Plastic Buckling 

30 Inefficient structures elastic buckling loads are usually higher than loads to first yield of 
the material and therefore collapse will involve a combination of buckling and yield failure 
known as elasto-plastic buckling. Because of the non-linear nature of the phenomenon and its 
dependence on factors such as initial deformation and welding residual stress, the mode shape and 
stress at failure can only be predicted using numerical methods. These methods are now available 
and adequately validated for ship design, for example Creswell and Dow (1986). In the particular 
case of in-plane loads on rectangular plates the results of numerical analyses can be reduced to a 
few graphical representations, for example Smith et al (1988), and the use of these in design is 
discussed in Chapter 7. More traditional methods are available, mainly based on the use of a 
tangent modulus derived from the part of an estimated failure curve lying between the elastic and 
plastic failure zones. These methods have their uses particularly during the early synthesis stages 
for quick checks on adequacy of scantlings. 


Excessive Defiections 
31. There are often specific limitations on allowable deflections in way of weapons or 


_ machinery. Design methods to meet these requirements are mostly straightforward as they are by 


definition linear-elastic. However, care must be taken to allow for the effects of residual stresses 
which may cause greater than expected deflections on first application of the load. Generally in 
design, even where there are no specific deformation limits, it is not good practice to accept large 
elastic deflections as there may then be unexpected interference with the performance of 
equipments nearby. Additionally there may be specific deflection limitations between weapons 
and their associated sensors. This will be of particular importance if materials of lower stiffness 
such as fibre reinforced plastic (FRP) are used. 


Vibration 


32 ~~ As already mentioned, the majority of significant loads on a ship’s hull are cyclic but at a 
sufficiently low frequency that they can be treated as static. However, there are particular 
locations on a ship where the vibration response may be important, such as in way of weapons, 
sensors and machinery, and in the stern region, and checks on resonant frequencies will need to be 
Made in these areas. These checks will be even more important if unconventional materials or 
methods of construction are employed. The checks should ensure that resonant frequencies, 
especially of masts, seatings and other equipment supports, are not too close to propeller shaft and 
blade rate frequencies at full power, rotational frequencies of auxiliary machinery and the natural 
frequencies of shock and vibration mountings. It is possible, using predictive techniques, to make 


€stimates of hull resonant frequencies and mode shapes at a stage in the design when it is still 
Possible to influence them and perhaps to tailor the hull response to match the requirements of 


pire &quipment Sensitivities and layout; these techniques will be discussed in Chapter 6, and vibration 
aie Problems in design are covered in Chapter 14. 
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